A wide range of quasi-one-dimensional materials, consisting of weakly coupled chains, undergo three-dimensional phase transitions that can be described by a complex order parameter.
goes a spin-density-wave (SDW) transition, thin wires of superconducting lead, and an inorganic compound CuGe03 that undergoes a spin-Peierls transition.
Furthermore, high-quality experimental data on these crystals opens the possibility of making a quantitative comparison of experiment with theory. For example, recently anomalies in the specific heat, Young's modulus, thermal expansion, and magnetic susceptibility close to the three-dimensional CDW transition in Ko 3Mo03 were all precisely measured on the same single crystal.
Fluctuations in the order parameter are extremely important in these materials. In a strictly one-dimensional system with short-range interactions there are no phase transitions at finite temperature because fluctuations in the order parameter destroy long-range order. ' Consequently in a real quasi-one-dimensional material a finitetemperature phase transition only occurs as a result of the weak interchain interactions. Hence, a complete theory must treat fluctuations along the chain carefully and also include the interchain interactions.
On the other hand, in most materials the three-dimensional transition temperature, T3D, is clearly defined and the width of the critical region is only a few percent of T3D. Hence, a three-dimensional Ginzburg-Landau theory should accurately describe the transition, except in a narrow temperature range.
The purpose of the present paper is to provide a complete derivation of a Ginzburg-Landau theory describing the three-dimensional ordering transition of a quasi-onedimensional system with a complex (i.e. , two-component) order parameter. Such an order parameter describes superconductors, charge-and spin-density waves (which are incommensurate with the lattice), and a spin-Peierls system in a large magnetic field. Particular attention is given to examining (2) where J,~describes the interchain interactions. In most of this paper it will be assumed that the interchain interaction J;~i s nonzero only for nearest-neighbor chains and that its value is J /4 and J&/4 in the x and y directions, 'J. P. Pouget, Semicond. Semimet. 27, 87 (1988 Kd, + -' -2p'+ p' u-,~(p) = A. ,~u ,~(p).
In order for the system wave function to be 6nite at the origin the radial wave function satisfies the boundary condition
The third-order nonlinear susceptibilit;y is y4 a4A(e) 4+3 g@2gc g2
4=0
Expanding the Brillouin-Signer perturbation theory expression for A(4) (Ref. 28) to fourth order in I@i gives
As for the linear susceptibility the above expression can be simpli6ed by using the factorization of the wave function (27) (2) to be invalid. Taking the continuum limit of (2) and using the three-dimensional Ginzburg criterion2s
=~. (0) (44) (3) Fig. 2 ). Note that as the coherence length decreases the specific heat jump increases. For moderate interchain coupling (J ) 0. 05~a]) the specific heat jump becomes independent of the interchain coupling. The origin of this independence is not clear.
The longitudinal coherence length is (p,
For the blue bronze Kq 3Mo03 experiment gives DCsD/kgb = (2.6+0.3) x 10 A. , (p = 15+3 A. , and a a"= 16 A. which gives ACsDa a"(p,/k~= 0.6 + 0.2.
The transverse coherence length is
The dependence of the right-hand side on e is fairly weak.
Consequently the transverse coherence length depends only weakly on the interchain coupling (Fig. 3 ). This result is somewhat counterintuitive: it might be expected that as the interchain coupling increases the transverse coherence length increases. However, (o is not just de- termined by the coefBcient C~but also by the coefficient
It turns out that both these quantities have roughly the same dependence on J.
A crossover temperature, T, can be defined at which correlations between chains become weak, by ( (T ) a . ' Hence, The dependence of the longitudinal coherence length on the interchain coupling is shown in Fig. 2 .
Quantitative comparison of these expressions for the specific heat jump and longitudinal coherence length with experimental data is not possible without accurate values of (p from microscopic theory. However, for all interchain coupling strengths the product of the specific heat jump and the longitudinal coherence length, b, C(p"depends only roughly on the interchain coupling (see the dashed curve in Fig. 2 ). Since this quantity is dimensionless it can be compared with experiment. If AC3D is the specific heat jump per unit volume then and it can be seen &om Fig. 3 It may be possible to argue that this narrow crossover region, which is comparable to the width of the critical region estimated below, is consistent with the neglect of interchain fluctuations in the derivation in Sec. III.
The width of the critical region given by the Ginzburg criterion (8) 
Note that for a tetragonal crystal (J = J"=J) this depends solely on the fluctuation parameter K, . Figure   3 shows the resulting dependence of Lt30 on the interchain coupling. It is striking that the width of the critical region is independent of any parameters, Lt3D Note that in the lowest-level approximation the sum on the left-hand side of (32) Figure 5 shows how the results of (A10) and (All) 
